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Multitasking during studying is frequent among students. In this experience sampling study we examine if multitasking during studying can be explained by situational study motivation and the personality trait grit; and if grit moderates the relationship of situational motivation and multitasking. Eighty-eight students participated. All participants planned to write an important exam within the upcoming 2 weeks. Situational motivation was conceptualized along the lines of self-determination theory, differentiating between autonomous and controlled motivation. Also, we assessed students’ grit. Hypotheses were tested using multilevel modeling in MPlus. As predicted, students multitasked less when situational study motivation was autonomous (vs. controlled). Contrary to predictions, we did not find a significant main effect of grit on multitasking. However, the interaction effect was significant, indicating that in situations with relatively controlled study motivation grittier students are more likely to refrain from multitasking than their less gritty peers.
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Introduction

Evidence, from both research and everyday observations, suggests that multitasking is prevalent among students. Research shows that students engage in additional activities such as checking their social media or talking to their peers more than a third of their study time (Kraushaar and Novak, 2010; Bachmann et al., 2018). Multitasking can be concurrent, like listening to a lecture and simultaneously talking to a peer, or sequential, where a student pauses their main task (reading a text book) to complete an additional activity (checking social media) before returning to the main task (e.g., Salvucci et al., 2009; Reinecke et al., 2018). Within multitasking, particularly when activities are performed concurrently, a student’s focus is necessarily divided between the tasks. Therefore, multitasking brings along negative consequences for learning and performance such as declines in note-taking, test performance and even GPA (Bellur et al., 2015; May and Elder, 2018). So the question arises: Why do students multitask and what can help balance this pervasive behavior?


Does motivation predict multitasking?

While multitasking is influenced by a wide variety of factors, one potential reason why students multitask during studying relates to the motivation that drives studying (Wang and Tchernev, 2012; Calderwood et al., 2014). Several studies have shown that autonomous motivation for studying is linked to more successful self-regulation in academia compared to controlled motivation, with autonomous motivation predicting less procrastination, more persistence, stronger engagement and better concentration (Vallerand et al., 1993; Vansteenkiste et al., 2004; Cavusoglu and Karatas, 2015; Froiland and Worrell, 2016). In fact, this pattern of results has been demonstrated so widely, that controlled motivation is frequently used synonymously with suboptimal motivation and autonomous motivation synonymously with optimal motivation (Ryan and Deci, 2017; Grund and Fries, 2018; Slemp et al., 2020). Why autonomous motivation is linked with so many academic advantages, can be explained within the framework of self-determination theory (SDT) (Ryan and Deci, 2017, 2020). SDT states that all people have an innate desire to grow and develop, to connect with others, to understand and to learn. However, for this desire to unfold in real life, people need a context in which their basic psychological needs of relatedness, competence and autonomy are met. SDT focuses particularly on the need of autonomy: When the need for autonomy is satisfied, people are more likely to feel motivated from within themselves, i.e., autonomously. Autonomous motivation or autonomous regulation describes a state, in which people engage in an activity because they enjoy doing it (i.e., intrinsic motivation) or they find it important (i.e., identified motivation), whereas controlled motivation describes regulatory forms related to internal or external pressures (i.e., introjected or external motivation). People tend to have several or even all of these different motivational forms for their activities, but in different intensities. Therefore, most studies assess all of the before mentioned motivational forms to calculate one relative autonomy index, thereby conceptualizing autonomous and controlled motivation as two ends of the same continuum (Ryan and Deci, 2017).

As mentioned before, motivation on the autonomous end of this continuum has been linked to several favorably outcomes within the academic sphere (e.g., Vansteenkiste et al., 2017). Yet, the relationship of study motivation and multitasking has not been investigated empirically from a SDT perspective, although many authors speculate that multitasking may be driven by suboptimal motivation (e.g., Judd and Kennedy, 2011; Adler and Benbunan-Fich, 2013; Judd, 2013). We want to start closing this research gap by investigating if situational study motivation links to multitasking. We focus on study motivation on the situational level, because earlier research shows that (study) motivation fluctuates, depending on several factors such as learning content or alternative activities (Dietrich et al., 2017; Capelle et al., 2022). Furthermore, multitasking, e.g., quickly checking the phone while studying, is a relatively transitory behavior and people have difficulties remembering these short-lived multitasking episodes in retrospect (Kraushaar and Novak, 2010; David et al., 2015). To investigate study motivation as well as multitasking in a specific moment in time, we use experience sampling; thereby following recommendation from Wigfield and Koenka (2020) to use more situational approaches in motivation research (Ebner-Priemer and Trull, 2009; Bachmann et al., 2018).

In addition to investigating the connection of situational motivation and multitasking, it remains interesting to identify trait factors that could also relate to multitasking. This is particularly true as studying often includes pursuing goals that are externally provided and are therefore not well suited to stimulate autonomous motivation. We promote the view that teachers should support autonomous motivation wherever possible, in order to improve affective experience, focus, and performance (e.g., Katz et al., 2014; Ryan and Deci, 2017; Reeve and Cheon, 2021). However, we also accept that in reality students often study because of controlled reasons (Bachmann et al., 2024). Therefore, it is relevant to understand which personality traits are suitable to help students keep their focus on studying, even when situational motivation is controlled.



Does grit predict multitasking?

One personality trait that seems like a promising candidate to relate to multitasking during studying is grit. Grit can be defined as a trait that captures “passion and perseverance for long-term goals” (Duckworth and Seligman, 2017, p. 716) and was conceptualized in order to grasp more about the noncognitive aspects that are necessary for professional success (e.g., Seligman, 2012). Grit is strongly related to self-control, statistically as well as conceptually. People who score high on trait self-control also tend to score high on grit with rs above 0.6 (Duckworth et al., 2007). However, whereas self-control describes the capacity to shield all kinds of goals from temptations, grit aims at acting toward a superordinate goal despite inner or outer hindrances, for example completing law school (Duckworth and Gross, 2014).

Pursuing a long term goal always includes accomplishing many smaller steps on the way. For example, completing a degree requires passing exams, which then necessitates studying, which again can be broken down in many smaller segments such as opening a book etc. (Kruglanski et al., 2002; Fujita et al., 2006; see also literature on deliberate practice, e.g., Ericsson et al., 1993; Duckworth et al., 2011). As gritty people are especially good in long-term goal pursuit, they may also be good in completing necessary lower-order goals, such as focusing on study activities without getting preoccupied by other activities. Ralph et al. (2017) support this reasoning. They investigated the relationship of grit and mind wandering during a university lecture and found that university students who scored higher on grit also reported less mind wandering. Although not the same, mind wandering is a concept somewhat related to multitasking in that both, multitasking and mind wandering are relatively short lived phenomena. Also, both describe that attentional resources are taken away from the main activity (e.g., studying) and are directed toward thoughts (mind wandering) or activities (multitasking) unrelated to the current activity, and both are related to declines in performance (Wammes et al., 2016).



Does grit moderate the relationship of motivation and multitasking?

Grit is defined as perseverance and passion in the light of difficulties (Duckworth and Seligman, 2017) and, in the context of studying, one common difficulty is suboptimal motivation (Katz et al., 2014; Bachmann et al., 2018). Therefore, the question arises, if grit can cushion some of the impacts of suboptimal motivation. Moles et al. (2017) investigated in an experiment how grit interacted with ego-involving feedback promoting controlled motivation. The authors show that ego-involving feedback affected students low in grit particularly strongly, whereas grittier students were impacted less. These results indicate that grit may act as a protection against the negative impact of ego-involving feedback, thereby illustrating the interplay of situational motivation with grit. In the current study, we are interested if grit and situational motivation may also interact in predicting multitasking, thereby investigating a trait-situation interaction (e.g., Bonanno and Burton, 2013; Rottweiler et al., 2018; Miele et al., 2020).



Research question

In the current study we aim to get a clearer understanding of why students multitask, thereby focusing on situational motivation and the personality trait grit. All participants were university students who were planning to write an exam within the next 2 weeks after the beginning of the ESM phase, which, so we assumed, would make the situations in which students studied relatively numerous. In our first hypothesis (H1) we predict that situational study motivation predicts multitasking likelihood. More precisely and coherent with self-determination theory (Ryan and Deci, 2017), we hypothesize that in situations where students are motivated autonomously for their current study activity, multitasking is less likely compared to situations in which students are motivated in a controlled way. Secondly (H2), we predict that higher levels of grit are associated with less multitasking during studying. We assume that grit is not only predictive for the successful pursuit of long term goals but also for focusing on moment-to-moment studying, which of course is a prerequisite for reaching the long term goal of completing a degree (for similar reasoning see Ralph et al., 2017). The final and central hypothesis (H3) relates to the interplay between situational motivation and grit in predicting multitasking. We predict an interaction between grit and motivation, with grit attenuating the relationship of motivation and multitasking. In other words, we predict that gritty students refrain more from multitasking in situations with motivational difficulties in form of controlled motivation compared to their less gritty peers.




Materials and methods


Ethics statement

This study conformed to all ethical standards of the German Psychological Association and the German Professional Association of Psychologists (Deutsche Gesellschaft für Psychologie und der Berufsverband Deutscher Psychologinnen und Psychologen e.V., 2004). The study was approved by the Ethics Committee and the Data Protection Office of Bielefeld University.



Participants

A total of N = 88 students from a mid-sized German University participated in the study. Students were on average 21 years old (ranging between 18 and 33, SD = 2.5), 69 students (78.4%) were female. All students studied either law (N = 43) or education science (N = 45), were in the first semester and were planning to write an important exam within the next 2 weeks after the beginning of the ESM phase. All data were collected prior to the covid pandemic. All participants were recruited during a lecture or over the faculties’ mailing lists. Participants received 5 prompts per day over the course of 1 week. Overall, 3,080 prompts were signaled and 2,825 prompts were completed, leaving us with a compliance rate just of over 91%.



Procedure

Students participated in an introductory session in small groups. An experimenter briefed participants on the experience sampling method (e.g., trying to answer as many prompts as possible, but not answering during driving). Then, participants received a smartphone device (Motorola Moto E) with the ESM software (movisensXS Version 0.8.4208) installed on it for the duration of the study. Participants chose if they wanted to receive prompts between 8 am and 8 pm or between 10 am and 10 pm, 58 participants chose the earlier option. Participants made themselves acquainted with the smartphone, filled in an example ESM prompt and were given the opportunity to ask questions. Then, participants filled in a questionnaire on the computer, which included grit, several other trait measures, and demographics. Participants were reminded on the starting point of the ESM phase, thanked and dismissed.

The ESM phase started less than 1 week after the introductory session, lasted for 7 days and was set in July, shortly before the exam period started. Participants received 5 prompts per day, whereby every prompt was signaled using an alarm that lasted up to 35 s and that was repeated up to five times in the consecutive 10 min after the first alarm. Whenever an ESM questionnaire was not completed after 15 min, this questionnaire was counted as missed. Participants were instructed to answer the ESM according to the situation in which the alarm was first signaled.

Between 1 and 2 weeks after the end of the ESM phase participants came back to the laboratory in small groups, filled in further questionnaires, handed back their study-phone and received their monetary compensation (50€ when participants had completed 80% or more of all signals, 30€ when less than 80% were completed).



Measures and variables

This study was part of a larger data collection effort and included a variety of measures. In the following, only measures of relevance for the current endeavor are explicated, reporting them in the same order as they were presented in the study.


Grit

In the introductory session, all participants answered the Short Grit Scale (Grit-S) (Duckworth and Quinn, 2009). Grit-S was validated with a variety of populations and was frequently used since then (Pate et al., 2017; Alhadabi and Karpinski, 2019; Daniels et al., 2021). The scale consists of eight items; example items include “I finish whatever I begin,” and “New ideas and projects sometimes distract me from previous ones” (the latter being reverse coded). Participants answered all items on a Likert scale ranging from 1 (“not at all like me”) to 5 (“very much like me”). The scale was translated in German by the authors of the current study, translations can be received from the first author.



Activities


Main activity

In every ESM questionnaire participants were asked “What was the main activity you were doing right before the alarm?.” To answer this question, participants chose one out of six main options (“study,” “leisure,” “routines,” “part-time job,” “commute,” “other obligations”). After choosing one of the main categories, participants were asked to specify further what they did. For example, when the main activity study had been selected they could choose between categories such as “lecture,” “seminar/tutorial,” “study group,” preparation for an exam,”…. (For a similar procedure see Bachmann et al., 2018; Capelle et al., 2022). As we are interested study activities, only prompts with the answer “study” as the main activity were included in further analyses.



Additional activity

After the main activity was selected, participants were asked if there was an additional activity that they were engaged in right before the alarm. Participants could choose between the six activity options described above (study, leisure etc.) and the option “no additional activity.” If an additional activity was selected, participants were asked to further specify the activity (see above). Whenever participants selected an additional activity, this instance was coded as multitasking (multitasking = 1), when the option “no additional activity” was selected, this instance was coded as monotasking (multitasking = 0).



Filler items

If participants answered that they did not engage in any additional activity, they received other ESM questions which are irrelevant to this study. This was done in order to balance the length of ESM questionnaires, independent of the answers given.




Situational motivation

After indicating any additional activity in the ESM questionnaire, participants completed an autonomy measure. We asked participants why they engaged in their current main activity and gave them four potential reasons; “because I like doing it” related to intrinsic reasons, “because I find it important” to identified reasons, “because I should” to introjected, and “because I must” to external reasons (Reis et al., 2000; Grund et al., 2015). Participants rated each reason on a Likert scale ranging from 1 (does not fit at all) to 7 (fits exactly).

The four answers were merged into one autonomy score (AS; Reis et al., 2000; Grund et al., 2015). This was done using the equation: (intrinsic*2 + identified) − (introjected + external*2). The autonomy score ranges from −18 to +18, with negative numbers indicating controlled motivation and positive numbers indicating autonomous motivation.




Data analysis

We used SPSS for all data processing, descriptive statistics and post-hoc analyses of the interaction effect (SPSS for Windows, Version 27.0). For multilevel analyses we used MPlus (Muthén, 2017).

Every participant answered several ESM measures over the course of 1 week. Consequently, the situations (Level 1) are nested within people (Level 2), thus observations are not independent of each other. Therefore, multilevel analyses were warranted in order to take into account that the presented data are hierarchical in nature. As the outcome variable multitasking is dichotomous, logistic multilevel regression analyses were conducted using the maximum likelihood estimator, which is standard in MPlus (Geiser, 2011; Muthén, 2017). Overall three models were tested, one model for each hypothesis.




Results


Descriptive statistics

In 930 situations out of the recorded 2,825 situations, “study” was reported as the main activity, indicating that students engaged in study activities at around 33% of all recorded situations. As the current manuscript focuses on situations in which students engage in study activities, further analyses include these 930 study situations. All 88 participants recorded at least one study activity. Of all reported study activities, students reported in 288 cases to engage in at least one other additional activity next to their main activity of studying (31% multitasking). Table 1 gives an overview on all additional activities. In most multitasking instances, students engaged in additional activities from the leisure domain that were social and/or media related. Therefore, the leisure domain is presented in greater detail.



TABLE 1 Frequencies of additional activities during studying.
[image: Table1]

On average participants reported an autonomy score slightly above the scale’s midpoint (M = 0.42, SD = 7.5), whereby the whole range was used (range: −18 – +18). In our sample, participants reported to be relatively gritty, with the average grit score being above the scale’s midpoint (M = 3.31, SD = 0.62), ranging from 1.25 to 4.75.



Hypothesis testing

Results for all hypothesis tests are depicted in Table 2.



TABLE 2 Results from the logistic hierarchical regression analyses.
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Model 1: situational motivation and multitasking

In H1 we predict that multitasking is less likely when the situational autonomy score is higher. In order to test this hypothesis we used the autonomy score as a Level 1 predictor, whereby the autonomy score was group mean centered (Bryk and Raudenbush, 1992; Geiser, 2011).

The significant and negative coefficient indicates that higher (positive) autonomy scores are, as predicted, associated with a decreased probability of multitasking (B = −0.038, SE = 0.016, p = 0.015). The random effect was significant, indicating that the association between the autonomy score and the slope differs between persons (B = 19.381, SE = 2.309, p < 0.001). We therefore retain H1.



Model 2: grit and multitasking

In H2 we predict that multitasking is less likely when the trait measure of grit is higher. In other words, we predicted that grittier students multitask less when studying. As grit is a predictor on the person level, grandmean centering was employed (Bryk and Raudenbush, 1992; Geiser, 2011).

The effect does not yield significant, the negative coefficient indicates that non-significant relationship points in the expected direction (B = −0.033, SE = 0.267, p = 0.213). Again, the variance component implies that this non-significant effect is different between people (B = 0.379, SE = 0.062, p < 0.001). Therefore, we reject H2.



Model 3: interaction of grit and motivation to predict multitasking

In our third hypothesis we predict a cross level interaction between the autonomy score and grit, with grittier students multitasking less in study situations with controlled motivation than their less gritty peers. This hypothesis is tested in Model 3. The autonomy score is a predictor on Level 1, grit is a predictor on Level 2 and an interaction term tests for a cross-level interaction between the autonomy score and grit; as before, multitasking acts as a dichotomous outcome variable. In order to maintain the variance on the person level and following recommendations, both predictor variables were grandmean centered (Geiser, 2011; Nezlek, 2012).

The results further confirm the negative relationship of autonomy score and multitasking (B = −0.029, SE = 0.014, p = 0.037) and that grit is not significantly associated with multitasking (B = −0.259, SE = 0.274, p = 0.344). More importantly, the cross-level interaction was significant (B = 0.048, SE = 0.022, p = 0.028), indicating that the relationship of the autonomy score and multitasking is different for people depending on their level of grit. As in Model 1 and 2, the variance components for autonomy and grit were significant (autonomy: B = 56.094, SE = 7.094, p < 0.001; grit: B = −0.379, SE = 0.062, p < 0.001).

Hypothesis H3 states that the cross level interaction effect is qualified by grit attenuating the effects of lower autonomy scores. In other words, we hypothesized that the multitasking behavior of grittier students is relatively independent from their current motivation, whereas students low in grit are particularly prone to multitask when their motivation is controlled. To visually assess if this is what the interaction effect represents, we divided all 930 situations into high vs. low AS and high vs. low grit using a median split. The median autonomy score was −1. Therefore, the low autonomy category consists of 467 study situations with autonomy scores between −1 and −18 (M = −5.46; SD = 3.61) and the high autonomy category consists of 463 study situations with autonomy scores between 0 and +18 (M = 6.36; SD = 5.43). As the median split divided autonomy scores between −1 and 0, the low autonomy category consists exclusively of situations with controlled motivation.

The median of grit across all situations was 3.50. Note that although grit is conceptualized as a trait measure and every participant reported grit only once, we used the median of the 930 situations and not of the 88 participants, holding the procedure parallel across both median splits. This procedure provides us with two categories of similar sample sizes concerning the situations, which can be used for visual illustration. The low grit category consists of 491 study situations with grit scores between 1.25 and 3.5 (M = 2.95; SD = 0.44), the high grit category consists of 439 study situations with grit scores between 3.63 and 4.75 (M = 3.89; SD = 0.24). The low grit group consisted of more students (n = 53), than the high grit group (n = 35), pointing in the direction that grittier students may have reported more study situations per person than their less gritty peers.

Figure 1 illustrates that, as predicted, the multitasking behavior during studying is relatively independent of the current motivation for gritty people (M = 0.25; SD = 0.43 for high AS and M = 0.23; SD = 0.42 for low AS), with gritty people multitasking 25% of their study time when motivation is autonomous and 23% of their study time when motivation is controlled. On the other hand, the multitasking likelihood of less gritty people fluctuates more with situational motivation (M = 0.32; SD = 0.47 for high AS and M = 0.41; SD = 0.5 for low AS), with less gritty students multitasking 32% of their time when the situational motivation is autonomous but 41% of the time when motivation is controlled.

[image: Figure 1]

FIGURE 1
 Illustrating multitasking behavior amongst grittier (light gray) and less gritty (dark gray) students in situations with controlled (left) or autonomous (right) motivation.






Discussion


Theoretical implications

In the current study we investigated multitasking during studying using the experience sampling method. We found that students engage in additional activities during studying frequently, with approximately one third of all study activities being accompanied by an additional activity. Most additional activities come from the leisure domain and are social and/or media related (for similar results see Shih, 2013; Bachmann et al., 2018).

Firstly and consistent with our predictions, we found that students are particularly prone to multitask in situations when studying is motivated in a controlled way. According to self-determination theory autonomous motivation is predictive for many advantages in the academic sphere, such as higher engagement and more persistence (e.g., Grolnick and Ryan, 1987; Vansteenkiste et al., 2004; Froiland and Worrell, 2016; Manganelli et al., 2019). The current study widens these results by showing that autonomous motivation during studying is also predictive for less multitasking. These results are especially relevant because multitasking always implies branching off resources such as time and attention away from the main activity studying and into another activity, leading to declines in academic performance (Kraushaar and Novak, 2010; Clayson and Haley, 2013; Sana et al., 2013). Within the field of multitasking research, potential reasons behind multitasking have received more speculative (Judd and Kennedy, 2011; Adler and Benbunan-Fich, 2013) than empirical attention (Wang and Tchernev, 2012; Calderwood et al., 2014). The current study contributes to multitasking research by showing that one potential reason for multitasking lies in the situational motivation for the main activity.

Secondly, and contrary to our predictions, we did not find a significant main effect of grit predicting multitasking likelihood, i.e., gritty students did not multitask significantly less per se in comparison to less gritty students. Although the results did not yield significance it is noteworthy that the results point in the expected direction, and the interaction effect was significant. The null results from this main effect should be interpreted with some caution as one reason for them may lie in the power of the study. Nevertheless, the non-significance of the results indicates that the association of multitasking and grit is not as strong as we had hypothesized. One reason for this could be that grit is conceptualized to predict the successful accomplishment of long term, superordinate goals (Duckworth and Gross, 2014) and multitasking is a relatively short term phenomenon (Calderwood et al., 2014; Kim et al., 2019).

Lastly, we found a cross level interaction effect of grit and motivation. Consistent with our hypotheses, results indicate that the association of situational motivation with multitasking is strongest for students whose grit scores are low: While less gritty students multitask more when their current motivation is controlled, grittier students multitasking depends less on their current motivation. These results indicate that for regulating behavior in study situations, motivational factors and personal traits are both of relevance, in an interactive way.

In a perfect world in which study motivation is always autonomous, grit would not be linked to the proneness to multitask. In the real world however, study motivation is not always autonomous but sometimes rather controlled. In our sample in more than half of all sampled study activities motivation were controlled. And in these controlled study situations grit seems to have acted as a regulatory resource, helping gritty students to refrain from multitasking. This is congruent with reasoning of SDT researchers that motivation interacts with other regulatory resources (Moller et al., 2006).

When integrating these findings into the grit and SDT literature further, one has to address that earlier research often focused on the question, if motivational factors mediate the link of grit with outcome variables such as achievement, and well-being (Jin and Kim, 2017; Hong and Lee, 2019; Lozano-Jiménez et al., 2021); or research focused on the question if grit or motivational factors are more suitable for predicting achievement (Muenks et al., 2018; Steinmayr et al., 2018), thereby construeing motivation and grit as competing constructs to explain behavaiour and success. Although these research questions are interesting in their own right, we believe that a focus on the interaction between the two constructs is just as important in order to get a clearer understanding when and under which conditions different variables become important (for similar reasoning see Bonanno and Burton, 2013; Scholer and Miele, 2016). This could also contribute to cultivating a view within psychology that different constructs and variables are not so much competitors, but instead acknowledging that different constructs may be important in different situations and people. This view seems particularly relevant when trying to make use of theoretical findings in a real world context.



Practical implications

A holistic view on academia acknowledges that in some situations study motivation is not autonomous; especially when studying for externally set goals such as writing an exam. In these situations students and teachers may find themselves unable to further internalize and optimize motivation, but instead students may need to persevere through these phases of controlled and suboptimal motivation. In these situations gritty students have one advantage – they focus their attention on their study activity, i.e., they are more likely to monotask, whereas less gritty students tend to multitask more, which likely leads to a drop in concentration and performance (e.g., Arnell and Duncan, 2002; Clayson and Haley, 2013). These findings support the recommendations for teachers at universities to support autonomous motivation (Ryan and Deci, 2017; Reeve and Cheon, 2021) and the development of grit (Duckworth, 2022).

However, there is also a potential disadvantage of grit which needs mentioning here. Research on SDT suggests prolonged exposure to high controlled and low autonomous motivation can negatively impact vitality, performance and well-being (Sheldon, 2011; Ryan and Deci, 2017). While multitasking can hinder learning (e.g., Bellur et al., 2015; May and Elder, 2018), multitasking can sometimes be a sign that a student is exploring other interests, which may indicate a mismatch between their studies and their personal inclinations (e.g., Wiradhany et al., 2021). For example, consider a student pressured into studying law. They multitask frequently, which could lead them to discover a more fitting interest and simultaneously highlight their misalignment with the law course. In this case, excessive grit may hinder multitasking and thereby hinder the realization that the current course was an unsuitable choice, potentially leading down an unfulfilling career path (Brandstätter and Bernecker, 2022).

Therefore, both motivation and grit are crucial for navigating the complexities of student learning. While grit helps persevere through controlled motivation phases, we cannot rule out that unchecked grit could hinder course correction (Brandstätter and Bernecker, 2022).



Limitations and future research

The current study has several limitations. The most obvious limitation is that the experience sampling method does not allow for causal interferences. Future research could try to design an experiment in which study motivation is manipulated, for example by varying the autonomy support of teachers (Cheon et al., 2012), and collect data on multitasking. In this study we did not find a main effect for grit and multitasking. One potential reason may lie in the time frames of both constructs – multitasking being a very quick phenomenon and grit taking a long term perspective. However, because of the significant interaction effect, it is unreasonable to assume that grit and multitasking while studying are totally unrelated. Future research could investigate this connection further. Also, future research could investigate if high levels of grit really increase the risk of disengaging with unsuitable goals too late (Brandstätter and Bernecker, 2022).

Furthermore, our results encourage further research into the interaction effects between motivation and self-control. Imagine these two constructs not as independent forces, but as teammates in a complex game. Our results, along with the broader field of research, suggest that the “motivation players” are essential in propelling the game forward, maintaining momentum and stay on track (e.g., Ryan and Deci, 2017; Bachmann et al., 2024). However, when these players encounter obstacles or experience waning enthusiasm, the “grit players” become crucial. Their perseverance helps the team navigate challenges and maintain focus even during a dry spell. Research on the interactive effects of different constructs such as motivation and grit could help seeing these constructs not so much as competitors but as different players on a field, whereby every player has their chance to shine in different scenes of the game.




Conclusion

The aim of the current study was to get a better understanding of why students multitask so frequently during studying. Only days before an upcoming exam, students participated in our ESM study, reporting momentary activity, multitasking and motivation. In a pre-test students also reported grit. Results indicate that situational motivation predicts multitasking likelihood, with more autonomous motivation being associated with less multitasking. These results give yet another reason to support students’ autonomous motivation wherever possible, as this seems to make it easier for students to refrain from multitasking and focus on their study activity instead. Also, we found a cross level interaction effect, showing that the situational motivation is particularly strongly related to multitasking for those students who score low on grit. In contrast, grittier students multitasking behavior stays more constant, not depending as much on their situational motivation. Supporting students improve their grit could help them make their multitasking behavior less dependent on situational variabilities such as autonomous motivation. However, as high grit may also increase the risk of engaging in unsuitable goals too long, the recommendation to increase grit if possible, is a more cautious one that the recommendation to support autonomous motivation.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving humans were approved by Ethik-Kommission der Universität Bielefeld. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

OB: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Visualization, Writing – original draft, Writing – review & editing. CG: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Writing – review & editing. SF: Conceptualization, Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. We acknowledge the financial support of the German Research Foundation (DFG) and the 476 Open Access Publication Fund of Bielefeld University for the article processing charge. The study was funded by the Federal Ministry of Education and Research (Bundesministerium für Bildung und Forschung, Grant No: 01PB14003A).



Acknowledgments

We acknowledge the financial support of the German Research Foundation (DFG) and the Open Access Publication Fund of Bielefeld University for the article processing charge.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Adler, R. F., and Benbunan-Fich, R. (2013). Self-interruptions in discretionary multitasking. Comput. Hum. Behav. 29, 1441–1449. doi: 10.1016/j.chb.2013.01.040


 Alhadabi, A., and Karpinski, A. C. (2019). Grit, self-efficacy, achievement orientation goals, and academic performance in university students. Int. J. Adolesc. Youth 25, 519–535. doi: 10.1080/02673843.2019.1679202


 Arnell, K. M., and Duncan, J. (2002). Separate and shared sources of dual-task cost in stimulus identification and response selection. Cogn. Psychol. 44, 105–147. doi: 10.1006/cogp.2001.0762 

 Bachmann, O., Grunschel, C., Capelle, J. D., and Fries, S. (2024). Autonomous and controlled motivation in students: an ESM study on multitasking, concentration, and affect from a self-determination theory perspective. Motiv. Sci. doi: 10.1037/mot0000333


 Bachmann, O., Grunschel, C., and Fries, S. (2018). Multitasking and feeling good? Autonomy of additional activities predicts affect. J. Happiness Stud. 20, 899–918. doi: 10.1007/s10902-018-9973-3


 Bellur, S., Nowak, K. L., and Hull, K. S. (2015). Make it our time: in class multitaskers have lower academic performance. Comput. Hum. Behav. 53, 63–70. doi: 10.1016/j.chb.2015.06.027


 Bonanno, G. A., and Burton, C. L. (2013). Regulatory flexibility: an individual differences perspective on coping and emotion regulation. Perspect. Psychol. Sci. 8, 591–612. doi: 10.1177/1745691613504116


 Brandstätter, V., and Bernecker, K. (2022). Persistence and disengagement in personal goal pursuit. Annu. Rev. Psychol. 73, 271–299. doi: 10.1146/annurev-psych-020821-110710 

 Bryk, A. S., and Raudenbush, S. W. (1992). Hierarchical linear models: Applications and data analysis methods. Advanced quantitative techniques in the social sciences, vol. 1. Thousand Oaks, London, New Delhi: Sage.


 Calderwood, C., Ackerman, P. L., and Conklin, E. M. (2014). What else do college students “do” while studying? An investigation of multitasking. Comput. Educ. 75, 19–29. doi: 10.1016/j.compedu.2014.02.004


 Capelle, J. D., Grunschel, C., Bachmann, O., Knappe, M., and Fries, S. (2022). Multiple action options in the context of time: when exams approach, students study more and experience fewer motivational conflicts. Motiv. Emot. 46, 16–37. doi: 10.1007/s11031-021-09912-3


 Cavusoglu, C., and Karatas, H. (2015). Academic procrastination of undergraduates: self-determination theory and academic motivation. Anthropologist 20, 735–743. doi: 10.1080/09720073.2015.11891780


 Cheon, S. H., Reeve, J., and Moon, I. S. (2012). Experimentally based, longitudinally designed, teacher-focused intervention to help physical education teachers be more autonomy supportive toward their students. J. Sport Exerc. Psychol. 34, 365–396. doi: 10.1123/jsep.34.3.365 

 Clayson, D. E., and Haley, D. A. (2013). An introduction to multitasking and texting. J. Mark. Educ. 35, 26–40. doi: 10.1177/0273475312467339


 Daniels, B. T., Human, A. E., Gallagher, K. M., and Howie, E. K. (2021). Relationships between grit, physical activity, and academic success in university students: domains of physical activity matter. J. Am. Coll. Heal. 71, 1897–1905. doi: 10.1080/07448481.2021.1950163 

 David, P., Kim, J.-H., Brickman, J. S., Ran, W., and Curtis, C. M. (2015). Mobile phone distraction while studying. New Media Soc. 17, 1661–1679. doi: 10.1177/1461444814531692


 Deutsche Gesellschaft für Psychologie und der Berufsverband Deutscher Psychologinnen und Psychologen e.V. (2004). Ethische Richtlinien. [German psychology association and the German professional association. Ethical standards]. Available at: http://www.hw.uni-wuerzburg.de/fileadmin/06020000/download/Ethische_Richtlinien_der_DGPs_und_des_BDP.pdf


 Dietrich, J., Viljaranta, J., Moeller, J., and Kracke, B. (2017). Situational expectancies and task values: associations with students’ effort. Learn. Instr. 47, 53–64. doi: 10.1016/j.learninstruc.2016.10.009


 Duckworth, A. L. (2022). Grit: Passion and perseverance for long-term goals. Available at: https://characterlab.org/playbooks/grit/


 Duckworth, A. L., and Gross, J. J. (2014). Self-control and grit: related but separable determinants of success. Curr. Dir. Psychol. Sci. 23, 319–325. doi: 10.1177/0963721414541462 

 Duckworth, A. L., Kirby, T. A., Tsukayama, E., Berstein, H., and Ericsson, K. A. (2011). Deliberate practice spells success: why grittier competitors triumph at the National Spelling bee. Soc. Psychol. Personal. Sci. 2, 174–181. doi: 10.1177/1948550610385872


 Duckworth, A. L., Peterson, C., Matthews, M. D., and Kelly, D. R. (2007). Grit: Perseverance and passion for long-term goals. J. Pers. Soc. Psychol., 92, 1087–1101. doi: 10.1037/0022-3514.92.6.1087


 Duckworth, A. L., and Quinn, P. D. (2009). Development and validation of the short grit scale (grit-S). J. Pers. Assess. 91, 166–174. doi: 10.1080/00223890802634290 

 Duckworth, A. L., and Seligman, M. E. P. (2017). The science and practice of self-control. Perspect. Psychol. Sci. 12, 715–718. doi: 10.1177/1745691617690880 

 Ebner-Priemer, U. W., and Trull, T. J. (2009). Ambulatory assessment. Eur. Psychol. 14, 109–119. doi: 10.1027/1016-9040.14.2.109


 Ericsson, K. A., Krampe, R. T., and Tesch-Römer, C. (1993). The role of deliberate practice in the acquisition of expert performance. Psychol. Rev. 100, 363–406. doi: 10.1037/0033-295X.100.3.363


 Froiland, J. M., and Worrell, F. C. (2016). Intrinsic motivation, learning goals, engagement, and achievement in a diverse high school. Psychol. Sch. 53, 321–336. doi: 10.1002/pits.21901


 Fujita, K., Trope, Y., Liberman, N., and Levin-Sagi, M. (2006). Construal levels and self-control. J. Pers. Soc. Psychol. 90, 351–367. doi: 10.1037/0022-3514.90.3.351 

 Geiser, C. (2011). “Datenanalyse mit Mplus-Eine anwendungsorientierte Einführung” in Data analysis using Mplus - a Users introduction. 2nd ed. (Wiesbaden, Germany).


 Grolnick, W. S., and Ryan, R. M. (1987). Autonomy in children’s learning: an experimental and individual difference investigation. J. Pers. Soc. Psychol. 52, 890–898. doi: 10.1037/0022-3514.52.5.890 

 Grund, A., and Fries, S. (2018). Understanding procrastination: a motivational approach. Personal. Individ. Differ. 121, 120–130. doi: 10.1016/j.paid.2017.09.035


 Grund, A., Grunschel, C., Bruhn, D., and Fries, S. (2015). Torn between want and should: an experience-sampling study on motivational conflict, well-being, self-control, and mindfulness. Motiv. Emot. 39, 506–520. doi: 10.1007/s11031-015-9476-z


 Hong, M., and Lee, S. (2019). Effects of grit and conscientiousness on academic performance: the mediation effects of self-determination motivation. J. Korea Converg. Soc. 10, 143–151. doi: 10.15207/JKCS.2019.10.10.143


 Jin, B., and Kim, J. (2017). Grit, basic needs satisfaction, and subjective well-being. J. Individ. Differ. 38, 29–35. doi: 10.1027/1614-0001/a000219


 Judd, T. (2013). Making sense of multitasking: key behaviours. Comput. Educ. 63, 358–367. doi: 10.1016/j.compedu.2012.12.017


 Judd, T., and Kennedy, G. (2011). Measurement and evidence of computer-based task switching and multitasking by ‘net generation’ students. Comput. Educ. 56, 625–631. doi: 10.1016/j.compedu.2010.10.004


 Katz, I., Eilot, K., and Nevo, N. (2014). “I’ll do it later”: type of motivation, self-efficacy and homework procrastination. Motiv. Emot. 38, 111–119. doi: 10.1007/s11031-013-9366-1


 Kim, I., Kim, R., Kim, H., Kim, D., Han, K., Lee, P. H., et al. (2019). Understanding smartphone usage in college classrooms: a long-term measurement study. Comput. Educ. 141:103611. doi: 10.1016/j.compedu.2019.103611


 Kraushaar, J., and Novak, D. (2010). Examining the effects of student multitasking with laptops during the lecture. J. Inf. Syst. Educ. 21, 241–251.


 Kruglanski, A. W., Shah, J. Y., Fishbach, A., Friedman, R., Chun, W. Y., and Sleeth-Keppler, D. A. (2002). “A theory of goal systems” in Advances in experimental social psychology. ed. M. Zanna, vol. 34 (CA: Academic Press), 331–378.


 Lozano-Jiménez, J. E., Huéscar, E., and Moreno-Murcia, J. A. (2021). From autonomy support and grit to satisfaction with life through self-determined motivation and group cohesion in higher education. Front. Psychol. 11:579492. doi: 10.3389/fpsyg.2020.579492 

 Manganelli, S., Cavicchiolo, E., Mallia, L., Biasi, V., Lucidi, F., and Alivernini, F. (2019). The interplay between self-determined motivation, self-regulated cognitive strategies, and prior achievement in predicting academic performance. Educ. Psychol. 39, 470–488. doi: 10.1080/01443410.2019.1572104


 May, K. E., and Elder, A. D. (2018). Efficient, helpful, or distracting? A literature review of media multitasking in relation to academic performance. Int. J. Educ. Technol. High. Educ. 15, 1–17. doi: 10.1186/s41239-018-0096-z


 Miele, D. B., Scholer, A. A., and Fujita, K. (2020). “Chapter one-Metamotivation: emerging research on the regulation of motivational states” in Advances in motivation science, vol. 7 (Amsterdam, Netherlands: Elsevier), 1–42. doi: 10.1016/bs.adms.2019.10.001


 Moles, T. A., Auerbach, A. D., and Petrie, T. A. (2017). Grit happens: moderating effects on motivational feedback and sport performance. J. Appl. Sport Psychol. 29, 418–433. doi: 10.1080/10413200.2017.1306729


 Moller, A. C., Deci, E. L., and Ryan, R. M. (2006). Choice and Ego-depletion: the moderating role of autonomy. Personal. Soc. Psychol. Bull. 32, 1024–1036. doi: 10.1177/0146167206288008 

 Muenks, K., Yang, J. S., and Wigfield, A. (2018). Associations between grit, motivation, and achievement in high school students. Motiv. Sci. 4, 158–176. doi: 10.1037/mot0000076


 Muthén, B. O. (2017). Mplus discussion >> multi-level mediation analysis [online forum post]. Mplus. Available at: http://www.statmodel.com/discussion/messages/12/23239.html?1567893324


 Nezlek, J. B. (2012). “Multilevel modeling for psychologists” in APA handbooks in psychology, Vol. 3. Data analysis and research publication. ed. H. M. Cooper (Washington, USA: American Psychological Association).


 Pate, A. N., Payakachat, N., Harrell, T. K., Pate, K. A., Caldwell, D. J., and Franks, A. M. (2017). Measurement of grit and correlation to student pharmacist academic performance. Am. J. Pharm. Educ. 81:105. doi: 10.5688/ajpe816105 

 Ralph, B. C. W., Wammes, J. D., Barr, N., and Smilek, D. (2017). Wandering minds and wavering goals: examining the relation between mind wandering and grit in everyday life and the classroom. Can. J. Experiment. Psychol. 71, 120–132. doi: 10.1037/cep0000116 

 Reeve, J., and Cheon, S. H. (2021). Autonomy-supportive teaching: its malleability, benefits, and potential to improve educational practice. Educ. Psychol. 56, 54–77. doi: 10.1080/00461520.2020.1862657


 Reinecke, L., Meier, A., Beutel, M. E., Schemer, C., Stark, B., Wölfling, K., et al. (2018). The relationship between trait procrastination, internet use, and psychological functioning: results from a community sample of German adolescents. Front. Psychol. 9, 1–12. doi: 10.3389/fpsyg.2018.00913 

 Reis, H. T., Sheldon, K. M., Gable, S. L., Roscoe, J., and Ryan, R. M. (2000). Daily well-being: the role of autonomy, competence, and relatedness. Personal. Soc. Psychol. Bull. 26, 419–435. doi: 10.1177/0146167200266002


 Rottweiler, A. L., Taxer, J. L., and Nett, U. E. (2018). Context matters in the effectiveness of emotion regulation strategies. AERA Open 4, 233285841877884–233285841877813. doi: 10.1177/2332858418778849


 Ryan, R. M., and Deci, E. L. (2017). Self-determination theory: basic psychological needs in motivation development and wellness. New York, USA: The Guilford Press.


 Ryan, R. M., and Deci, E. L. (2020). Intrinsic and extrinsic motivation from a self-determination theory perspective: definitions, theory, practices, and future directions. Contemp. Educ. Psychol. 61:101860. doi: 10.1016/j.cedpsych.2020.101860


 Salvucci, D. D., Taatgen, N. A., and Borst, J. P. (2009). “Toward a unified theory of the multitasking continuum: from concurrent performance to task switching, interruption, and resumption” in Proceedings of the SIGCHI conference on human factors in computing systems (Boston, USA: ACM Press), 1819–1828.


 Sana, F., Weston, T., and Cepeda, N. J. (2013). Laptop multitasking hinders classroom learning for both users and nearby peers. Comput. Educ. 62, 24–31. doi: 10.1016/j.compedu.2012.10.003


 Scholer, A. A., and Miele, D. B. (2016). The role of metamotivation in creating task-motivation fit. Motiv. Sci. 2, 171–197. doi: 10.1037/mot0000043


 Seligman, M. E. P. (2012). Flourish: A visionary new understanding of happiness and well-being. Reprint Edn. New York City, USA: Atria Books.


 Sheldon, K. M. (2011). Integrating behavioral-motive and experiential-requirement perspectives on psychological needs: a two process model. Psychol. Rev. 118, 552–569. doi: 10.1037/a0024758 

 Shih, S.-I. (2013). A null relationship between media multitasking and well-being. PLoS One 8:e64508. doi: 10.1371/journal.pone.0064508 

 Slemp, G. R., Field, J. G., and Cho, A. S. (2020). A meta-analysis of autonomous and controlled forms of teacher motivation. J. Vocat. Behav. 121:103459. doi: 10.1016/j.jvb.2020.103459


 Steinmayr, R., Weidinger, A. F., and Wigfield, A. (2018). Does students’ grit predict their school achievement above and beyond their personality, motivation, and engagement? Contemp. Educ. Psychol. 53, 106–122. doi: 10.1016/j.cedpsych.2018.02.004


 Vallerand, R. J., Pelletier, L. G., Blais, M. R., Briere, N. M., Senecal, C., and Vallieres, E. F. (1993). On the assessment of intrinsic, extrinsic, and Amotivation in education: evidence on the concurrent and construct validity of the academic motivation scale. Educ. Psychol. Measure. 53, 159–172. doi: 10.1177/0013164493053001018


 Vansteenkiste, M., Aelterman, N., de Muynck, G. J., Haerens, L., Patall, E., and Reeve, J. (2017). Fostering personal meaning and self-relevance: a self-determination theory perspective on internalization. J. Exp. Educ. 86, 30–49. doi: 10.1080/00220973.2017.1381067


 Vansteenkiste, M., Simons, J., Lens, W., Sheldon, K. M., and Deci, E. L. (2004). Motivating learning, performance, and persistence: the synergistic effects of intrinsic goal contents and autonomy-supportive contexts. J. Pers. Soc. Psychol. 87, 246–260. doi: 10.1037/0022-3514.87.2.246 

 Wammes, J. D., Seli, P., Cheyne, J. A., Boucher, P. O., and Smilek, D. (2016). Mind wandering during lectures II: relation to academic performance. Scholarsh. Teach. Learn. Psychol. 2, 33–48. doi: 10.1037/stl0000055


 Wang, Z., and Tchernev, J. M. (2012). The ‘myth’ of media multitasking: reciprocal dynamics of media multitasking, personal needs, and gratifications. J. Commun. 62, 493–513. doi: 10.1111/j.1460-2466.2012.01641.x


 Wigfield, A., and Koenka, A. C. (2020). Where do we go from here in academic motivation theory and research? Some reflections and recommendations for future work. Contemp. Educ. Psychol. 61:101872. doi: 10.1016/j.cedpsych.2020.101872


 Wiradhany, W., Baumgartner, S. E., and de Bruin, A. (2021). Exploitation-exploration model of media multitasking. J. Media Psychol. 33, 169–180. doi: 10.1027/1864-1105/a000303



Copyright
 © 2024 Bachmann, Grunschel and Fries. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-15-1404767-t002.jpg
Model 1: Multitasking on Model 2: Multitasking on Grit Model 3: Multitasking on

Autonomy Score Autonomy Score and Grit, incl.
Cross-level- interaction
SE B P
Fixed effects
Threshold 0.894%% 0.149 <0.001 0.880%* 0.146 <0.001 0920%% 0.148 <0.001
Autonomy score ~0.038* 0016 0015 ~0.029* 0014 0037
Grit -033 0.267 0213 ~0.259 0274 034
Autonomy score x Grit 0.048* 0022 0028

Variance components
Autonomy score 193815 2309 <0.001 56.094%% 7.094 <0.001
Grit 0379 0.062 <0.001 0379 0.062 <0.001

Multitasking is Regressed on Autonomy Score (Model 1), Grit (Model 2) and on the Interaction of Autonomy Score and Grit (Model 3). *%p<0.001, *p<0.05.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Multitasking while studying – grit moderates the relationship of situational motivation and multitasking



		Introduction



		Does motivation predict multitasking?



		Does grit predict multitasking?



		Does grit moderate the relationship of motivation and multitasking?



		Research question









		Materials and methods



		Ethics statement



		Participants



		Procedure



		Measures and variables



		Grit



		Activities



		Main activity



		Additional activity



		Filler items









		Situational motivation









		Data analysis









		Results



		Descriptive statistics



		Hypothesis testing



		Model 1: situational motivation and multitasking



		Model 2: grit and multitasking



		Model 3: interaction of grit and motivation to predict multitasking















		Discussion



		Theoretical implications



		Practical implications



		Limitations and future research









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpsyg-15-1404767-g001.jpg
0.45

0.4

= Low Grit

High Grit

High AS

Low AS





OPS/images/fpsyg-15-1404767-t001.jpg
Additional activity
Study

Leisure

Social Media/Text Message

‘Talking on the phone

Talking

Playing games on computer/phone
Reading

Watching something (e.g. TV)
Listening to music/radio

Going out

Doing sports or engaging in a hobby
Daydreaming

Napping

Sexual activity

Something else

Routines

Part-time job

Commute

Other obligations

38
187

75

35





OPS/images/cover.jpg
’ frontiers | Frontiers in Psychology

Multitasking while studying — grit
moderates the relationship of
situational motivation and
multitasking












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Psychology






